The prostate gland in the brushtail possum grows and regresses seasonally. It has similarities to the human prostate and may therefore provide a unique model for investigating prostatic hyperplasia. Oxytocin has been implicated in the regulation of prostate growth in eutherian mammals, and the initial aim of this study was to identify and localize the marsupial equivalent, mesotocin, and its receptor in the prostate of the brushtail possum. Seasonal changes in prostatic mesotocin concentrations and receptor localization were then assessed and related to prostate growth. Mesotocin and mesotocin receptor gene transcripts with high sequence homology to eutherian oxytocin/oxytocin receptors were demonstrated, and mesotocin, neurophysin, and the receptor were all localized predominantly in the epithelial cells of the glandular acini. Western blot analysis confirmed the presence of a single immunoreactive receptor protein of ϳ60 M r
INTRODUCTION
Oxytocin is well known for its roles in milk let down and parturition in the female, but it has also been implicated in reproductive functions in the male. In the prostate of eutherian mammals, oxytocin has been implicated in growth of the gland. For example, administration of exogenous oxytocin increases epithelial height [1] and the size of the prostate by increasing the volume and stimulating mitosis of the epithelial cells that line the glandular acini [2] [3] [4] . These effects may be due to a direct action of oxytocin or related to its effects on androgen metabolism [5] . In the prostate, oxytocin stimulates activity of the enzyme 5␣-reductase, resulting in increased concentrations of dihydrotestosterone [5] , which is the major bioactive androgen in the prostate and is responsible for growth and secretory activity. In addition to prostatic growth, oxytocin also increases prostatic tone and contractility [6] and may be involved in the contraction of the prostate at ejaculation [7, 8] .
Local synthesis of oxytocin in the human prostate has been demonstrated by the identification of oxytocin mRNA [8] and the presence of immunoreactive oxytocin [5] . The oxytocin receptor has been localized to the epithelial cells and stromal tissue of the primate prostate [9, 10] . Concentrations of oxytocin are higher in the prostate than in the peripheral circulation [5] and are modulated by gonadal steroids [11] . In the rat, both testosterone and dihdyrotestosterone decrease oxytocin concentrations, whereas estrogen has a stimulatory role [11] . This provides a feedback mechanism that may regulate dihydrotestosterone concentrations and thereby prostatic growth. In prostatic tissue from men with hyperplastic prostate disease, the regulation of prostatic oxytocin differs from that in healthy individuals, with androgens and estrogens both promoting oxytocin secretion [12] .
Benign prostatic hyperplasia is a common disease that affects more than 50% of men over the age of 60. Studies of the regulation of prostatic hyperplasia are constrained by limited access to suitable animal models that display this phenomenon [13] , particularly to species where the anatomy of male reproductive organs is similar to that in man [14] . However, an Australian marsupial, the common brushtail possum (Trichosurus vulpecula) has a prostate that bears some anatomical similarities to that in man, including having discrete zones, the anterior, central, and posterior regions, which completely encircle the urethra. Furthermore, the possum prostate undergoes seasonal changes in size in accordance with periods of breeding in females [15] [16] [17] . These marked seasonal changes in prostate growth and regression suggest that the possum may be a unique model for investigating the regulation of prostate growth.
Possums and most other marsupials produce the pituitary peptide hormone mesotocin rather than the eutherian counterpart oxytocin. Mesotocin differs from oxytocin by the substitution of a single amino acid, isoleucine, for leucine at position 8. Mesotocin has been shown to be present in the Leydig cells of the possum testes [18, 19] , but a receptor for the hormone has not yet been identified in the male reproductive tract [20] . However, in the tammar wallaby prostate, a mesotocin receptor with high sequence homology to the eutherian oxytocin receptor has been identified [21] . This receptor has a similar distribution to that seen in the primate prostate for oxytocin receptor, being present in the outer stromal capsule and the glandular epithelial cells [21] .
The aims of this study were to establish if a mesotocin receptor and its ligand are present in the possum prostate and to investigate if seasonal changes in prostate growth are associated with differences in the concentration of mesotocin and/or localization of its receptor.
MATERIAL AND METHODS

Tissue Collection
Prostate tissue was collected from wild-captured, adult male possums that were housed as groups at the Invermay AgResearch facility at Mosgiel, New Zealand [22] . Samples were collected in every month of the year to include both the breeding and nonbreeding seasons [17, 23] . The autumn breeding period encompasses the months of April, May, and June; the spring breeding period, September and October; and the nonbreeding period, December, January, and February. Only animals that were sexually mature, weighing more than 2 kg [16] , and displaying full spermatogenesis, as determined by histological analysis of testis sections, were included in the study. Approximately 6 ml of whole blood was obtained by intracardiac puncture, and animals were killed with an intracardiac injection of barbiturate (Euthal, Delta Veterinary Laboratories, Hornsby, NSW, Australia) while under halothane-induced anesthesia between 0830 and 1200 h. The prostate, testes, and epididymides were dissected immediately following death and weighed. The prostate was divided into central and posterior regions [24] , and portions of each prostate region and the testes and epididymides were either snap frozen in liquid nitrogen or fixed in 10% neutral buffered formalin or modified Bouin fluid before paraffin embedding for histological examination and/or immunohistochemistry. The small anterior region of the prostate was not included in this study. Capture, housing, and the killing of these animals had been given prior approval by the AgResearch Invermay Animal Ethics Committee in accordance with the Animal Welfare Act, 1999.
Mesotocin and Mesotocin Receptor Gene Expression
A partial sequence of the possum mesotocin gene was first obtained using total RNA (2 g) extracted from the hypothalamus of a male possum to generate cDNA template from random hexamers by reverse transcription using Multiscribe Reverse Transcriptase (Applied Biosystems, NJ) according to the recommendations of the manufacturer. Two microliters of the reverse transcription reaction was used in a polymerase chain reaction (PCR) using AmpliTaq Gold PCR Master Mix (Applied Biosystems) and tammar wallaby mesotocin-specific primers (forward, 5Ј ATCCTGGTCT CGCCTGCTG; and reverse, 5Ј ACGGCGAGGACAGGTAGCTC), which span the exon 1-intron 2-exon 2 boundaries of the mesotocin gene [25] . The PCR conditions comprised a 2-min denaturation at 95ЊC, followed by 45 cycles of 30 sec each of 92ЊC, 58ЊC, and 72ЊC. A single PCR product of approximately 250 base pairs (bp) was obtained and purified using the High Pure PCR product purification kit (Roche, Mannheim, Germany) for sequence analysis. This procedure was subsequently used to identify mesotocin transcripts in both the central and posterior regions of the possum prostate. However, it was necessary to dilute the first PCR reaction 100-fold with sterile dH 2 0 to use as a template for a second nested PCR amplification using the internal tammar-specific primers 5Ј CAGAACTGCC CCATTGGTG and 5Ј TCGGTGGTGCCCAAGTAG to generate an amplicon.
A similar approach was taken to obtain sequence data for the possum mesotocin receptor. Total RNA was extracted from possum prostate and 5 g used to generate cDNA with 0.5 g/l random hexamers and Superscript II RNase H reverse transcriptase (Invitrogen, Mulgrave, Victoria, Australia) in a total volume of 20 l. Two microliters of the cDNA template were used in a touchdown PCR reaction (annealing temperatures 65-55ЊC) with 0.2 U Taq DNA polymerase (Promega, Annandale, NSW, Australia) and 100 ng/l oligonucleotide primers (forward primer, 5Ј ACCT GGTGGCAGTGTTTCAGGT or 5Ј TCGTCAAGTATCTGCAGGTGG; and reverse, 5Ј AAGAAGAAAGGCGTCCAGC). These correspond to highly conserved regions in exon 2 of the human and bovine oxytocinreceptor sequences [26, 27] and were used previously to obtain the tammar wallaby mesotocin-receptor sequence [21] . PCR products were separated on 1.8% Tris-borate-EDTA-agarose gels, visualized with ultraviolet light after ethidium bromide staining. Bands of the correct size were subcloned for sequencing as described previously [21] .
Western Blot Analysis
Western blot analysis was performed to determine the presence of the mesotocin receptor and neurophysin, a component of the mesotocin precursor protein. Mesotocin itself cannot be identified due to the small size of the peptide. However, neurophysin, which is part of the same precursor complex, can be visualized.
Tissue extracts of central and posterior prostate were prepared by homogenizing 0.5 g of tissue in 2 ml PBS (154 mmol/L NaCl, 1.9 mmol/L NaH 2 and exposure to Hyperfilm (Amersham, Buckinghamshire, England). Possum uterus was used as a positive-control tissue for antiserum 020 [31] and both human (NIDDK) and bovine oxytocin-associated neurophysin peptides [32] as positive-control samples for neurophysin.
Immunohistochemistry
Immunohistochemistry to determine the cellular localization of mesotocin, neurophysin, and its receptor, was performed on 5-m sections of central and posterior prostate. Sections from at least two animals were examined in the months of February, March, April, May, June, August, and November.
Mesotocin
Sections were dewaxed in xylene, rehydrated through alcohol, and washed in Tris-buffered saline (25 mmol/L Tris, 0.15 mol/L sodium chloride, pH 7.6). This was followed by two 30-min washes in Tris-buffered saline containing 0.5% (v/v) Triton-X100 and one 30-min wash in Trisbuffered saline containing 0.5% (v/v) Triton-X100 and 3% (w/v) BSA. Endogenous biotin was blocked by incubation with avidin for 20 min, followed by incubation with biotin for 20 min (Avidin/biotin blocking kit; Vector Laboratories, Burlingame, CA). Sections were then rinsed in Trisbuffered saline before incubation for 1 h at room temperature and then overnight at 4ЊC with serum 86/4, raised in the Department of Anatomy at the University of Bristol, UK, against mesotocin coupled to thyroglobulin (diluted 1:100 in Tris-buffered saline containing 0.5% [v/v] Triton-X100 and 3% [w/v] BSA). Control sections were incubated with normal rabbit serum diluted to the same total protein concentration as the primary antibody. Sections were rinsed in Tris-buffered saline containing 0.5% (v/ v) Triton-X100 and incubated with biotinylated anti-rabbit IgG (LSAB 2 system HRP kit; DAKO) for 1 h. The sections were rinsed twice in Trisbuffered saline for 20 min and incubated with streptavidin HRP (LSAB 2 system HRP kit; DAKO) for 30 min. The sections were rinsed for 20 min in Tris-buffered saline three times and twice for 15 min in 25 mmol/L Tris (pH 7.6). Immunoreactive peptide was visualized using Fast DAB (diaminobenzidine; Sigma, St. Louis, MO). Sections were counterstained in hemotoxylin, dehydrated, and coverslipped with distrene dibutyl phthalate xylene. Possum pituitary and possum testes tissues were included as positive controls [19, 33] .
Mesotocin Receptor and Neurophysin
A high-temperature antigen-retrieval step was included following rehydration of the sections. Sections were boiled in a microwave on high power for 10 min in EDTA (1 mmol/L, pH 8.0). After cooling for 15 min, the sections were stained using the same protocol described above for mesotocin. Antiserum 020 [29] diluted to 1:75 in Tris-buffered saline containing 0.5% (v/v) Triton-X100 and 3% (w/v) BSA was used to identify mesotocin receptor. Sections of rat uterus were included as positive controls. For neurophysin, serum anti-hNp1 was diluted 1:100 in Tris-buffered saline containing 0.5% (v/v) Triton-X100 and 3% (w/v) BSA. Sections of possum pituitary were used as positive controls.
Measurement of Mesotocin by Radioimmunoassay
Prostate tissues were extracted and concentrated by homogenizing in 10 ml/g (wet weight) acid extraction medium (1 mol/L HCl containing 1% [w/v] NaCl, 5% [v/v] formic acid, and 15% [v/v] trifluoroacetic acid). Samples were incubated overnight at 4ЊC, centrifuged at 4000 ϫ g and the supernatants further purified by passing through octadecylsilica cartridges (Sep-pak cartridges; Waters, MA) using a method previously described [34] . Plasma samples (1.5-2.5 ml) were acidified with 50 l 0.1 M HCl before purification with octadecylsilica cartridges. In some animals, there was insufficient plasma and/or tissue available to measure mesotocin concentrations as, samples had previously been used for reverse transcription-PCR (RT-PCR) and other hormone assays (unpublished work).
Mesotocin was measured in extracted plasma and prostate tissue by a specific radioimmunoassay using antiserum 86/4 [35] , the validity of which was shown by the ability of samples to dilute in parallel with the standard curve (data not shown). Cross-reaction with oxytocin was Ͻ0.36% and with arginine vasopressin Ͻ0.001%. Mesotocin was iodinated using the chloramine T method [36] . The limit of detection of the assay was 30 pg/ml and the interassay coefficient of variation was 13%.
Measurement of Testosterone and Dihydrotestosterone by Radioimmunoassay
Testosterone and dihydrotestosterone (DHT) were extracted from plasma samples using diethyl ether. Testosterone was measured using antiserum 85/6 (raised in the Department of Anatomy, University of Bristol) in a radioimmunoassay as described by Yeung [37] . The antiserum crossreacted ϳ20% with DHT. The limit of detection of the assay was 100 pg/ ml, and the interassay variation was 13%.
Extracted DHT samples were oxidized with 50 mmol/L KMnO 4 and extracted further with diethyl ether before concentrations were determined using radioimmunoassay. Samples were diluted in Tris buffer (50 mmol/ L Tris, 4 mmol/L EDTA disodium salt, 0.1% [w/v] gelatin, pH 8.0) and assayed in triplicate. Diluted sample (100 l) or serially diluted authentic DHT for the standard curve were incubated overnight at 4ЊC with 100 l of antiserum (85/6, 1:46 000) and 100 l of 5␣-dihydro[1,2,4,5,6,7-3 H]testosterone (10 000 cpm; Amersham, Buckinghamshire, England). The assay was incubated with 200 l of dextran-coated charcoal in Tris buffer (250 mg/ml activated charcoal and 100 mg/ml dextran) for 15 min at 4ЊC before separation by centrifugation at 4000 ϫ g for 30 min at 4ЊC. The radioactive supernatants were measured by liquid scintillation counting. The antiserum cross-reacted ϳ55% with testosterone. However, when the testosterone content of the oxidized samples was measured, no immunoreactive testosterone could be detected, confirming the efficacy of the reaction. The limit of detection of the assay was 200 pg/ml, and the interassay variation was 12%.
Statistical Analysis
Data are presented as mean Ϯ SEM. Differences between groups (month of tissue collection) were determined by single-classification analysis of variance. March and August, the months immediately before the recognized female breeding periods, were compared with the breeding (autumn, April, May and June; spring, September, October) and nonbreeding (December, January, and February) periods as groups by post hoc comparison of means by Bonferroni corrected t-test, furnished by GraphPad Prism 4.0 software (GraphPad Software Inc., San Diego, CA). The significance level was set at P Ͻ 0.05.
RESULTS
Prostate Weight and Morphology
Prostate weights varied significantly (ANOVA, P Ͻ 0.01) throughout the year, with two peaks occurring immediately before and encompassing the first half of each of the breeding periods (Fig. 1) . No significant differences were found in the prostate weights present in March and August compared with the autumn and spring breeding periods they immediately precede. However, the weights in both March and August were significantly higher than in the nonbreeding period (t-test, P Ͻ 0.01).
Histological examination of prostate tissue sampled throughout the year revealed seasonal changes in the size of the glandular tubules and acini. The glandular tissue comprises the majority of both the central and posterior regions of the prostate. This tissue is surrounded by an outer muscular capsule. When the prostate glands were enlarged, there was also an increase in the mass of the glandular tissue (data not shown). The lumina of the acini bordering the periurethral areas were larger in the breeding season (Fig. 2a) than in prostates collected in the nonbreeding season (Fig. 2b) , when more stromal tissue appeared to be present between the glands. In addition, the tubules in the glandular areas were wider in the larger, breeding-season prostates (Fig. 2c ) than in those from the nonbreeding season (Fig. 2d ).
There were no significant differences in the mean body weights of the animals throughout the year. In addition, no significant differences were observed in the mean weights of testes or epididymides (data not shown).
Mesotocin and Receptor Gene Expression
Nucleotide sequence analysis of PCR products obtained by RT-PCR with male hypothalamic cDNA using mesotocin-specific primers produced a consensus sequence of 246 bp (GenBank accession number AY534739). The derived amino acid sequence extended from the end of the signal peptide and included the nonapeptide region, with an additional 53 amino acids of the neurophysin. This sequence was 91% homologous with the equivalent region of the tammar wallaby mesotocin gene [25] and is more similar to eutherian oxytocin precursors than lower vertebrate mesotocin, isotocin, or vasotocin precursors. Confirmation that the possum produces mesotocin, rather than oxytocin, was evident in the nonapeptide region with an isoleucine residue replacing the leucine at position 8. The possum neurophysin molecule is similar in structure to all other known oxytocin-associated neurophysins, with highly conserved glycine, cysteine, and proline residues. The initial RT-PCR strategy failed to produce a mesotocin gene transcript in the possum prostate. However, a nested PCR of the original PCR products generated a single 146-bp amplicon, which was identical in sequence to the mesotocin transcript present in the male hypothalamus. Subsequent reactions confirmed the presence of mesotocin transcripts in both the central and posterior possum prostate (Fig. 3a) .
The possum prostate also expresses a mesotocin receptor gene transcript (Fig. 3b) . Two forward primers were used, resulting in PCR products of variable size (580 and 600 bp). Both fragments were sequenced and produced a consensus nucleotide sequence of 570 bp (GenBank accession number AY265415), which was shown to encode a peptide of 189 amino acids. This derived amino acid sequence has 92% homology to the equivalent region of the tammar wallaby mesotocin receptor [21] and 76-80% homology to the region extending from the second to the sixth putative transmembrane domain of the eutherian oxytocin receptor. Similar to the tammar wallaby mesotocin receptor is the identification of highly conserved regions in the III transmembrane domain and in the first and second extracellular loops.
Mesotocin Receptor and Neurophysin Protein Expression
Western blot analyses with receptor antiserum 020 showed the presence of an ϳ60 M r Ϫ3 immunoreactive protein in both central and posterior prostate homogenates in all months of the year (Fig. 4a) . A similar sized immunoreactive band was observed in the possum uterus positivecontrol tissue.
Similarly, analysis with the anti-hNp1 showed the pres- ence of a single ϳ15 M Ϫ3 immunoreactive band in the central and posterior prostate homogenates. This protein was slightly larger than that seen with the bovine oxytocin-neurophysin peptide (Fig. 4b) .
Localization of the Mesotocin Receptor, Mesotocin, and Neurophysin
Immunoreactivity for the mesotocin receptor, mesotocin, and neurophysin was present in all of the central and posterior prostate sections examined.
In the glandular region of the prostate, mesotocin receptor immunoreactivity was present in all of the epithelial cells of the glandular tissue (Fig. 5, a and b) . In the cells associated with the basement membrane and in the stromal tissue between the acini, some sporadic immunoreactivity was also present. In the outer muscular layer of the prostate gland, receptor immunoreactivity was present in all animals examined from March, April, and May (n ϭ 5; Fig. 5c ) but appeared absent in all animals examined in February and November (n ϭ 8; Fig. 5d ), with the exception of the central prostate from a single animal collected in February. In samples collected from June and August, immunoreactivity was present in 2 out of 3 animals.
For both mesotocin and neurophysin, immunoreactivity was present predominantly in the epithelial cells of the glands and acini in both the central and posterior prostate throughout the year (Fig. 5, e-h ) and was not prevalent in the outer capsule (Fig. 5i) . No notable seasonal differences in distribution were evident.
Immunoreactivity for the mesotocin receptor was present in the endometrial glands of the rat uterus control tissue (Fig. 5j) and for mesotocin and neurophysin (data not shown) in the Leydig cells of the possum testis (Fig. 5k) . None of the sections incubated with normal rabbit serum in place of primary antiserum exhibited positive immunoreactivity (Fig. 5l) .
Seasonal Changes in Mesotocin in Plasma and Prostate
Immunoreactive mesotocin was detected in the plasma (Fig. 6a) and central and posterior regions of the prostate (Fig. 6, b and c) . The concentration of plasma mesotocin ranged from 5 pg/ml to 79 pg/ml and differed significantly between sample groups (ANOVA P Ͻ 0.01). Plasma mesotocin concentrations in March were significantly higher than in the autumn breeding period (t-test, P Ͻ 0.05). August plasma concentrations were not significantly different from the spring breeding period or the nonbreeding period. The concentrations of mesotocin in the prostate tissues ranged from 6 to 303 pg/g. Prostatic concentrations of mesotocin also differed significantly throughout the year (central prostate ANOVA, P Ͻ 0.01 [data from July excluded as n ϭ 1]; posterior prostate ANOVA, P Ͻ 0.05). A similar pattern in the concentration of mesotocin was evident in both the central and posterior prostate, and the two regions did not differ significantly from each other. Concentrations peaked in March, which in the central and posterior prostate were significantly different from the autumn breeding period (t-test, P Ͻ 0.01 and P Ͻ 0.05, respectively) and from the nonbreeding period (t-test, P Ͻ 0.01). A second increase in mesotocin concentration occurred in August in both the central and posterior prostate, which was significantly different from the spring breeding period (t-test, P Ͻ 0.01) and the nonbreeding period (t-test, P Ͻ 0.05).
Seasonal Changes in Testosterone and DHT in Plasma and Prostate
The concentrations of both testosterone and DHT in the plasma were highly variable within each sample month. Although differences in concentration throughout the year were apparent, these were not significant (ANOVA). Plasma testosterone ranged from 0.2 to 9.2 ng/ml (Fig. 7a) , and plasma DHT from 0.8 to 80.0 ng/ml (Fig. 7b) .
DISCUSSION
In this study, we have obtained partial cDNA nucleotide sequences of mesotocin and its putative receptor in the brushtail possum. The mesotocin sequence shows high homology to mesotocin in another marsupial, the tammar wallaby, and to oxytocin in eutherian mammals. The putative receptor sequence extending from the II to the VI putative transmembrane domain also shows high homology to the wallaby and eutherian oxytocin receptors. The specific amino acids in the various regions of the eutherian receptor that have been determined to be important in biological activities, such as receptor binding and activation [38] , are also highly conserved in the possum receptor. While variation in amino acids is present in the third intracellular loop, the region involved with G-protein coupling, there was homology in the area encoding the sequence of the synthetic peptide that had been used to raise the 020 antiserum employed in this study.
RT-PCR of prostate RNA demonstrated that both mesotocin and mesotocin receptor genes are actively expressed in the possum prostate and Western analysis confirmed the presence of the translated peptides. Concentrations of mesotocin in the possum prostate are of a similar order of magnitude to those described for oxytocin in the rat and human prostates [11, 39] and were greater than those found in the plasma. Similarly, plasma concentrations of mesotocin were comparable with those measured previously in the possum [40] . Immunoreactive mesotocin and its associated neurophysin were identified in both the central and posterior regions of the prostate, and in both regions the two components of the mesotocin precursor were localized mainly to the epithelial cells of the glandular tissue. This is similar to the localization of oxytocin in the human prostate [41] . The presence of mesotocin mRNA in the possum prostate and both mesotocin and its associated neurophysin in the same cell type demonstrates the local production of the hormone in the prostate. In another marsupial species, the bandicoot, both oxytocin and mesotocin have been identified in the prostate [42] . In agreement with other authors [18, 40] , we were unable to detect immunoreactive oxytocin by either immunoassay or immunohistochemistry in any of the possum prostatic tissues (data not shown).
Western analysis for the receptor showed a protein of ϳ60 M r Ϫ3 , a size similar to that described for the oxytocin receptor in the rat [43] , ram [29] , and primate [9] . Immunoreactive receptor protein was localized predominantly to the glandular epithelial cells, although, in the breeding season, immunoreactivity was also identified in the smooth- muscle cells of the capsule. This is similar to the localization of mesotocin receptor mRNA in the wallaby and oxytocin receptor protein in the eutherian prostate [9, 10, 41] .
In the rodent, oxytocin appears to stimulate both mitosis and growth of the prostatic epithelial cells [2] [3] [4] . The localization of both mesotocin and its receptor in the epithelial cells of the possum prostate raises the possibility of a similar autocrine role in this marsupial species. Oxytocin also increases prostatic contractility in eutherian mammals [6] . The presence of mesotocin receptors on the smoothmuscle cells of the prostatic capsule during the breeding season, suggests that mesotocin may also play a role in contraction of the gland during ejaculation, as has been suggested for oxytocin in other species [8] .
As in previous studies, mean prostatic weights were highest during the months of March-May, with a second peak in August-September, and lowest over the summer months of January and February. The initial increases in prostate weight occur just before, and presumably in preparation for, the estimated mating period with female animals. In this Otago possum population, 50% of successful matings occur in the autumn breeding period and 25% in the spring breeding period (B.J.M. and E.G. Thompson, unpublished data). This may be reflected in the relatively shorter duration and smaller peak in prostate weight associated with the spring breeding period in this study, compared with that associated with the major autumn breeding period.
Prostatic mesotocin concentrations also change with respect to the breeding periods, increasing before the breeding period and declining before the nonbreeding period. If mesotocin is involved in stimulating prostate growth, then it might be expected that local concentrations of the peptide would rise before the increase in prostate weight and fall before a decrease in prostate weight occurs. As can be seen in the schematic depiction shown in Figure 8 , this is the case. Concentrations of prostatic mesotocin peak approximately 1-2 mo before the increase in prostate weight, immediately preceding the two main breeding periods. Mesotocin is localized in the epithelial cells and it is this glandular tissue that increases in mass during the breeding season. It is unclear why the depression in mesotocin concentration that occurs in the winter is more severe than that observed during the summer nonbreeding period of December-February. However, this effect may be accentuated by the small sample size present in July.
The possum produces sperm throughout the year and does not undergo seasonal changes in the size of the testes or epididymides; thus, alterations in the function of the accessory glands may hold the key to the promotion of fertility in the breeding season. The role peripheral androgens play in producing and maintaining changes in prostate size in the possum has not been clear. It has been suggested that peripheral testosterone concentrations rise, possibly 2 mo before the onset of breeding [15, 16] . However, we and other authors [44] have been unable to demonstrate this increase. Prostatic concentrations of testosterone and DHT have not been thoroughly investigated. However, to date, no significant differences in the concentration of these androgens have been identified between the breeding and nonbreeding periods [45] . Androgens are essential for the growth of the prostate during development. However, while DHT induces prostate growth in the adult rat, the same is not true for all species. In the dog, treatment with androgen alone does not induce prostatic hyperplasia [46] , and in the aging human, benign prostatic hyperplasia occurs when both plasma and prostatic concentrations are declining [47] [48] [49] .
If prostatic androgens do not alter, what then drives the seasonal changes in prostate growth? Mesotocin may be a possible candidate for this role in the possum. In this study, increases in plasma mesotocin concentration occurred over the summer months, peaking in March, immediately before the autumn breeding period. No concurrent rise in concentration occurs before the spring breeding period. The increase in concentration also occurs prior to increases observed for prostatic mesotocin before the autumn breeding period. The surge in plasma mesotocin may, therefore, be preparatory for the tissue mesotocin surges.
The present data confirm earlier descriptions of seasonal changes in prostate size [15] [16] [17] . However, the body weight of animals used did not differ significantly throughout the year, as has been observed by other authors [15, 17] . The use of an animal in this study was randomly determined by the availability of trapped animals and, if a constant population had been monitored, such seasonal differences may have become evident. Additionally, as wild-caught animals were used, the possible effect of dominance in the population could not be controlled for. This may or may not have influenced the levels of circulating androgens and the size of the prostate in some animals.
In conclusion, we have demonstrated the presence of a locally produced oxytocin-like peptide, mesotocin, and its receptor in the possum prostate, and have shown that these peptides have a similar localization in the possum and human [41] . The localization of these proteins in the epithelial cells of the gland and the seasonal changes in hormone concentrations immediately before increases and decreases in prostate weight suggest a physiological role for mesotocin in prostatic growth and regression. These findings raise the possibility of using the brushtail possum as a novel animal model for investigating the regulation of prostate growth.
